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(57) ABSTRACT

A flexible display apparatus includes a first flexible substrate
including carbon, a second flexible substrate on the first flex-
ible substrate, ametal layer between the first flexible substrate
and the second flexible substrate, a barrier layer on the second
flexible substrate, a thin film transistor (TFT) on the barrier
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HOIL 27/32 (2006.01) layer, and an organic light-emitting device (OLED) electri-
HOIL 51/52 (2006.01) cally connected to the TFT.
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FLEXIBLE DISPLAY APPARATUS AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2014-0184956,
filed on Dec. 19, 2014, in the Korean Intellectual Property
Office, and entitled: “Flexible Display Apparatus and Manu-
facturing Method Thereof)” is incorporated by reference
herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Embodiments relate to a flexible display apparatus
and a method of manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Recently, as interest in flexible display apparatuses
has increased, research into flexible display apparatuses has
been actively conducted.

SUMMARY

[0006] Embodiments are directed to a flexible display
apparatus including a first flexible substrate including carbon,
a second flexible substrate on the first flexible substrate, a
metal layer between the first flexible substrate and the second
flexible substrate, a barrier layer on the second flexible sub-
strate, a thin film transistor (TFT) on the barrier layer, and an
organic light-emitting device (OLED) electrically connected
to the TFT.

[0007] The first flexible substrate may have a carbon ratio
that is 60% or higher.

[0008] The flexible display apparatus may further include a
metal oxide layer between the metal layer and the second
flexible substrate.

[0009] The second flexible substrate has a thickness of
about 5 um to about 50 pm.

[0010] The first flexible substrate and the second flexible
substrate may include a polymer organic material.

[0011] Embodiments are also directed to a method of
manufacturing a flexible display apparatus including forming
a first flexible substrate by forming a first polymer layer on a
supporting layer and carbonizing or graphitizing the first
polymer layer, forming a metal layer on the first flexible
substrate, forming a second flexible substrate by forming a
second polymer layer on the metal layer, forming a barrier
layer on the second flexible substrate, forming a thin film
transistor (TFT) on the barrier layer, and forming an organic
light-emitting device (OLED) electrically connected to the
TFT.

[0012] Forming the first flexible substrate may include
forming the first flexible substrate such that the first flexible
substrate has a carbon ratio that is 60% or higher.

[0013] The method may further include forming a metal
oxide layer after forming the metal layer and before forming
the second flexible substrate.

[0014] Forming the metal oxide layer may include oxidiz-
ing a surface of the metal layer.

[0015] Forming the first flexible substrate may include car-
bonizing the first polymer layer at a temperature of about 300°
C. to about 4,000° C.
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[0016] Forming the second flexible substrate may include
forming the second flexible substrate such that the second
flexible substrate has a thickness of about 5 um to about 50
pm.

[0017] Embodiments are also directed to a flexible sub-
strate including a first polymer layer having a carbon ratio that
is 60% or higher, a second polymer layer on the first polymer
layer, a metal layer between the first polymer layer and the
second polymer layer, and a barrier layer disposed on the
second polymer layer.

[0018] A metal oxide layer may be between the metal layer
and the second polymer layer.

[0019] The second polymer layer may have a thickness of
about 5 um to about 50 um.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Features will become apparent to those of skill in the
art by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

[0021] FIG. 1 illustrates a cross-sectional view depicting a
flexible display apparatus according to an embodiment;
[0022] FIG. 2illustrates a cross-sectional view depicting in
detail a flexible substrate of the flexible display apparatus of
FIG. 1;

[0023] FIG. 3 illustrates a cross-sectional view depicting a
flexible display apparatus according to another embodiment;
[0024] FIG. 4illustrates a cross-sectional view depicting in
detail a flexible substrate of the flexible display apparatus of
FIG. 3;

[0025] FIG. Sillustrates a cross-sectional view depicting in
detail the flexible display apparatus of FIG. 1: and

[0026] FIGS. 6 through 10 illustrate cross-sectional views
depicting stages of a method of manufacturing a flexible
display apparatus, according to an embodiment.

DETAILED DESCRIPTION

[0027] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0028] 1Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “between” two layers, it can be the only
layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0029] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0030] It will be understood that although the terms “first,”
“second,” etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another.
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[0031] When a certain embodiment may be implemented
differently, a specific process order may be performed differ-
ently from the described order. For example, two consecu-
tively described processes may be performed substantially at
the same time or performed in an order opposite to the
described order.

[0032] FIG. 11is a cross-sectional view depicting a flexible
display apparatus according to an embodiment. FIG. 2 is a
cross-sectional view depicting in detail a flexible substrate
100 of the flexible display apparatus of FIG. 1.

[0033] Referring to FIGS. 1 and 2, the flexible display
apparatus according to the present embodiment may include
a substrate 100 and a display unit 200 disposed on the sub-
strate 100. The substrate 100 may be formed as a multi-layer
and may include a first flexible substrate 10, a metal layer 12
disposed on the first flexible substrate 10, a second flexible
substrate 20 disposed on the metal layer 12, and a barrier layer
22 disposed on the second flexible substrate 20. The display
unit 200 may include a thin film transistor (TFT) and an
organic light-emitting device (OLED) 240 (refer to FIG. 5)
electrically connected to the TFT.

[0034] The first flexible substrate 10 may have a flexible
characteristic and may be, for example a plate having a pre-
determined thickness. A thickness t1 of the plate-shaped first
flexible substrate 10 may be, for example, about 5 pm to about
50 pm, or, for example, about 20 um to about 40 pm.

[0035] The first flexible substrate 10 may be formed by
carbonizing a plastic material, such as polyethylene tereph-
thalate (PET), polyethylene naphthalate (PEN), or polyimide,
or another polymer material, such as PBO, PBI, polyoxadia-
zole (POD), polytriazole, or polyacylonitirile (PAN), in order
to provide excellent thermal resistance and durability, and
flexible characteristics. The first flexible substrate 10 includes
carbon. For example, the first flexible substrate 10 may be
formed to have a carbon ratio that is 60% or higher.

[0036] The second flexible substrate 20 may be disposed on
the first flexible substrate 10. The second flexible substrate 20
may have a flexible characteristic, and may be a plate having
a predetermined thickness. A thickness 2 of the plate-shaped
second flexible substrate 20 may be, for example, about 5 um
to about 50 pm, ot, for example about 20 um to 40 pm.
[0037] Thesecond flexible substrate 20 may be formed of a
plastic material, such as PET, PEN, or polyimide, or another
polymer material, such as PBO, PBI, POD, polytriazole, or
PAN, in order to have excellent thermal resistance and dura-
bility, and flexible characteristics.

[0038] The metal layer 12 may be interposed between the
first flexible substrate 10 and the second flexible substrate 20.
The metal layer 12 may be formed of at least one conductive
material selected from Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr,
Li, Ca, Mo, Ti, W, and Cu, as a single layer or as multiple
layers.

[0039] The metal layer 12 may be interposed between the
first flexible substrate 10 and the second flexible substrate 20
to prevent static electricity. The metal layer 12 may release
heat generated in the display unit 200 to the outside, by being
formed of a metal material. A conductive and heat dissipating
sheet, such as is generally fixed below the substrate 100, may
be omitted. Such a heat dissipating sheet may decrease the
flexibility of a substrate decreased due to a thickness of the
heat dissipating sheet. According to the present embodiment,
the flexibility of the substrate 100 may be improved by omit-
ting a heat dissipating sheet. By using the characteristic of the
metal layer 12 that is formed of the metal material. rigidity of
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the substrate 100 may be secured and a barrier characteristic
with respect to moisture or air permeating from a bottom
portion of the first flexible substrate 10 may be obtained.
[0040] The barrier layer 22 may be disposed on the second
flexible substrate 20. The barrier layer 22 may be formed of an
inorganic layer. For example, the barrier layer 22 may be
formed of silicon oxide and/or silicon nitride. The barrier
layer 22 may be disposed between the display unit 200 dis-
posed above the second flexible substrate 20 and the second
flexible substrate 20 such that a barrier characteristic with
respect to moisture and air permeating from a bottom portion
of the second flexible substrate 20 through the display umt
200 may be intensified.

[0041] As described above, the flexible display apparatus
according to the present embodiment includes the first flex-
ible substrate 10 including carbon, thereby securing a greater
thermal resistance compared to a general plastic substrate.
The first flexible substrate 10 including carbon may have a
greater heat conductivity compared to a plastic material, and
may contribute to process simplification and cost reduction
by replacing an expensive heat dissipating sheet used in a
module process for heat dissipation. According to the present
embodiment, flexibility of the substrate 100 may be improved
due to the elimination of the heat dissipating sheet.

[0042] FIG. 3 is a cross-sectional view depicting a flexible
display apparatus according to another embodiment. FIG. 4 1s
a cross-sectional view depicting in detail a flexible substrate
100 of the flexible display apparatus of FIG. 3.

[0043] Referring to FIGS. 3 and 4, the flexible display
apparatus according to the present embodiment may include
the substrate 100" and the display unit 200 disposed on the
substrate 100'. The substrate 100" may be formed as multi-
layers and may include the first flexible substrate 10, the
metal layer 12 disposed on the first flexible substrate 10, a
metal oxide layer 14 disposed on the metal layer 12, the
second flexible substrate 20 disposed on the metal oxide layer
14, and the barrier layer 22 disposed on the second flexible
substrate 20. The display unit 200 may include a TFT and an
OLED 240 (refer to FIG. 5) electrically connected to the TFT.
[0044] The first flexible substrate 10 may have a flexible
characteristic, and may be a plate having a predetermined
thickness. A thickness t1 of the plate-shaped first flexible
substrate 10 may be, for example, about 5 um to about 50 pum,
or, for example, about 20 um to about 40 pm.

[0045] The first flexible substrate 10 may be formed by
carbonizing a plastic material, such as polyethylene tereph-
thalate (PET), polyethylene naphthalate (PEN), and polyim-
ide, or e polymer material, such as PBO, PBI, polyoxadiazole
(POD), polytriazole, and polyacylonitirile (PAN), in order to
provide excellent thermal resistance and durability, and flex-
ible characteristics. Accordingly, the first flexible substrate 10
may include carbon. For example, the first flexible substrate
10 may be formed to have a carbon ratio that is 60% or higher.
[0046] Thesecondflexible substrate 20 may be disposed on
the first flexible substrate 10. The second flexible substrate 20
may have a flexible characteristic, and may be a plate having
a predetermined thickness. A thickness t2 of the plate-shaped
second flexible substrate 20 may be, for example, about 5 um
to about 50 um, or, for example, about 20 um to about 40 pm.
[0047] The second flexible substrate 20 may be formed of a
plastic material, such as PET, PEN, and polyimide, or a poly-
mer material, such as PBO, PBI, POD, polytriazole, and PAN,
in order to provide excellent thermal resistance and durabil-
ity, and flexible characteristics.
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[0048] The metal layer 12 may be interposed between the
first flexible substrate 10 and the second flexible substrate 20.
The metal layer 12 may be formed of at least one conductive
material selected from Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr,
Li, Ca, Mo, Ti, W, and Cu, as a single layer or as multiple
layers.

[0049] The metal layer 12 may be interposed between the
first flexible substrate 10 and the second flexible substrate 20
to prevent static electricity. Also, the metal layer 12 may
release heat generated in the display unit 200 to the outside,
by being formed of a metal material. A conductive and heat
dissipating sheet, such as is generally fixed below the sub-
strate 100", may be omitted. Such a heat dissipating sheet may
decrease flexibility of a substrate the due to a thickness of the
heat dissipating sheet. However, according to the present
embodiment, the flexibility of the substrate 100" may be
improved by omitting the heat dissipating sheet. By using the
characteristic of the metal layer 12 that is formed of the metal
material, rigidity of the substrate 100’ may be secured and a
barrier characteristic with respect to moisture or air permeat-
ing from a bottom portion of the first flexible substrate 10 may
be obtained.

[0050] The metal oxide layer 14 may be disposed on the
metal layer 12. The metal oxide layer 14 may be formed by
oxidizing a surface of the metal layer 12 when the metal layer
12 is formed, or may be formed by using an additional pro-
cess. Materials of the metal oxide layer 14 may include vari-
ous metal oxides. As described above, the metal oxide layer
14 may be further disposed on the metal layer 12. Thus,
double barrier functions of the metal layer 12 and the metal
oxide layer 14 may be performed.

[0051] The barrier layer 22 may be disposed on the second
flexible substrate 20. The barrier layer 22 may be formed of an
inorganic layer. For example, the barrier layer 22 may be
formed of silicon oxide and/or silicon nitride. The barrier
layer 22 may be disposed between the display unit 200 dis-
posed above the second flexible substrate 20 and the second
flexible substrate 20 such that a barrier characteristic with
respect to moisture and air permeating from a bottom portion
of the second flexible substrate 20 through the display unit
200 may be intensified.

[0052] As described above, the flexible display apparatus
according to the present embodiment includes the first flex-
ible substrate 10 including carbon, thereby securing a greater
thermal resistance compared to a general plastic substrate.
The first flexible substrate 10 including carbon may have a
greater heat conductivity compared to a plastic material, and,
may contribute to process simplification and cost reduction
by replacing an expensive heat dissipating sheet used in a
module process for heat dissipation. According to the present
embodiment, flexibility of the substrate 100' may be
improved due to the elimination of the heat dissipating sheet.
[0053] FIG. 5 is a cross-sectional view depicting in detail
the flexible display apparatus of FIG. 1. A structure and
function of the display unit 200 disposed on the substrate 100
will be described in detail by referring to FIG. 5.

[0054] The display unit 200 is disposed on the substrate
100. The display unit 200 includes s TFT and a capacitor CAP,
and may include an OLED 240 electrically connected to the
TFT. The TFT may include a semiconductor layer 120 includ-
ing amorphous silicon, poly crystalline silicon, or an organic
semiconductor material, a gate electrode 140, and a source
electrode 160 and a drain electrode 162. Hereinafter, a gen-
eral structure of the TFT will be described in detail.
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[0055] First, a buffer layer 110 formed of silicon oxide or
silicon nitride may be disposed on the substrate 100 in order
to planarize a surface of the substrate 100 or to prevent the
penetration of impurities into the semiconductor layer 120 of
the TFT. The semiconductor layer 120 may be disposed on the
buffer layer 110.

[0056] The gate electrode 140 may be disposed on the
semiconductor layer 120. The source electrode 160 and the
drain electrode 162 may be electrically connected to each
other according to signals applied to the gate electrode 140.
The gate electrode 140 may be formed of at least one material
selected from Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca,
Mo, Ti, W, and Cu, as a single layer or as multiple layers, in
consideration of adhesion to adjacent layers, surface flatness
of a layer on which the gate electrode 140 is stacked, and
processability.

[0057] To insulate between the semiconductor layer 120
and the gate electrode 140, a gate insulating layer 130 formed
of silicon oxide and/or silicon nitride may be interposed
between the semiconductor layer 120 and the gate electrode
140.

[0058] An interlayer insulating layer 150 may be disposed
on the gate electrode 140. The interlayer insulating layer 150
may be formed of silicon oxide or silicon nitride as a single
layer or multiple layers.

[0059] The source electrode 160 and the drain electrode
162 may be disposed on the interlayer insulating layer 150.
Hach of the source electrode 160 and the drain electrode 162
may be electrically connected to the semiconductor layer 120
through a contact hole formed in the interlayer insulating
layer 150 and the gate insulating layer 130. The source elec-
trode 160 and the drain electrode 162 may be formed of at
least one material selected from Al, Pt, Pd, Ag, Mg, Au, Ni,
Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu, as a single layer or
multiple layers, in consideration of conductivity.

[0060] A protective layer may be disposed to cover and
protect the TFT. The protective layer may be formed of an
inorganic material, such as silicon oxide, silicon nitride, or
silicon oxynitride.

[0061] A first insulating layer 170 may be disposed on the
substrate 100. The first insulating layer 170 may be a pla-
narization layer or a protective layer. When the OLED 240 is
disposed on the TFT, the first insulating layer 170 may
approximately planarize an upper surface of the TFT and
protect the TFT and various devices. The first insulating layer
170 may be formed of, for example, an acryl-based organic
material or benzocyclobutene (BCB). The buffer layer 110,
the gate insulating layer 130, the interlayer insulating layer
150, and the first insulating layer 170 may be formed through-
out the substrate 100.

[0062] A second insulating layer 180 may be disposed on
the TFT. The second insulating layer 180 may be a pixel-
defining layer. The second insulating layer 180 may be dis-
posed on the first insulating layer 170 and may have an
opening. The second insulating layer 180 may define a pixel
area on the substrate 100.

[0063] The second insulating layer 180 may be formed of,
for example, an organic insulating layer. The organic insulat-
ing layer may include an acryl-based polymer such as poly-
methylmethacrylate (PMMA), polystyrene (PS), a polymer
derivative having a phenol group, an imide-based polymer, an
aryl ether-based polymer, an amide-based polymer, a fluo-
rine-based polymer, a p-xylene-based polymer, a viny! alco-
hol-based polymer, or a mixtures thereof.



US 2016/0181338 Al

[0064] The OLED 240 may be disposed on the second
insulating layer 180. The OLED 240 may include a pixel
electrode 210, an intermediate layer 220 including an emis-
sion layer (EML), and an opposite electrode 230.

[0065] The pixel electrode 210 may be formed as a trans-
parent or semi-transparent electrode or as a reflective elec-
trode. When the pixel electrode 210 is formed as a transparent
or semi-transparent electrode, the pixel electrode 210 may be
formed of, for example, ITO, IZ0, ZnO, In,0,, 1GO, or AZO.
When the pixel electrode 210 is formed as a reflective elec-
trode, the pixel electrode 210 may include a reflective layer
formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a com-
pound thereof and a layer formed of ITO, 1ZO, ZnO, In,0;,
1GO, or AZO. The pixel electrode 210 may be formed as a
single layer or as multiple layers.

[0066] Theintermediate layer 220 may be disposed on each
of pixel regions defined by the second insulating layer 180.
The intermediate layer 220 may have various structures. The
intermediate layer 220 may include the emission layer
(EML), which emits light in response to electrical signals.
Also, in addition to the EML, ahole injection layer (HIL) and
a hole transport layer (HTL) disposed between the EML and
the pixel electrode 210, and an electron transport layer (ETL)
and an electron injection layer (EIL) disposed between the
EML and the opposite electrode 230 may be stacked as a
single-layered structure or a multi-layered structure.

[0067] The opposite electrode 230, which covers the inter-
mediate layer 220 including the EML and is opposite to the
pixel electrode 210, may be disposed throughout the substrate
100. Structures and materials of the opposite electrode 230
may vary. The opposite electrode 230 may be formed of a
transparent or semi-transparent electrode or a reflective elec-
trode.

[0068] When the opposite electrode 230 is formed as a
transparent or semi-transparent electrode, the opposite elec-
trode 230 may have a layer formed of a metal having a low
work function, such as Li, Ca, LiF/Ca, LiF/Al, Al Ag, Mg, or
a compound thereof, and a transparent or semi-transparent
conductive layer formed of ITO, IZO, ZnO, or In,0;. When
the opposite electrode 230 is formed as a reflective electrode,
the opposite electrode 230 may have a layer formed of Li. Ca.
LiF/Ca, LiF/Al, Al, Ag, Mg, or a compound thereof.

[0069] FIGS. 6 through 10 illustrate cross-sectional views
depicting stages of a method of manufacturing a flexible
display apparatus, according to an embodiment.

[0070] Referring to FIG. 6, a first polymer layer 10' may be
formed on a supporting substrate 1. The first polymer layer
10" may be formed of a plastic material, such as PET, PEN, or
polyimide, or a polymer material, such as PBO, PBI, POD,
polytriazole, or PAN.

[0071] The first polymer layer 10' formed on the supporting
layer 1 may be carbonized or graphitized by applying heat H
on the first polymer layer 10'. The first polymer layer 10' may
be carbonized or graphitized to form the first flexible sub-
strate 10. The first polymer layer 10" may be carbonized or
graphitized at a temperature of, for example, 300° C. to
4,000° C. The first polymer layer 10' may be carbonized or
graphitized at a temperature within a range, for example,
between 300° C. and 4000° C. If the first polymer layer 10' is
carbonized or graphitized at a temperature that is greater than
about 300° C., the carbonization may be sufficient. If the first
polymer layer 10" is carbonized or graphitized at a tempera-
ture that is less than about 4,000° C., excessive carbonization
of the polymer material may be avoided.
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[0072] Referring to FIG. 7, the first flexible substrate 10
may be formed on the supporting substrate 1 by carbonizing
or graphitizing the first polymer layer 10". The first flexible
substrate 10 that is carbonized or graphitized may have a
carbon ratio that is 60% or higher. A thickness t1 of the first
flexible substrate 10 may be, for example, about 5 pm to about
50 pm. For example, the thickness t1 may be about 20 pm to
about 40 um.

[0073] Referring to FIG. 8, the metal layer 12 may be
formed on the first flexible substrate 10. The metal layer 12
may be formed of at least one conductive material selected
from Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W,
and Cu, as a single layer or as multiple layers.

[0074] The metal layer 12 may be interposed between the
first flexible substrate 10 and the second flexible substrate 20
to prevent static electricity. The metal layer 12 may release
heat generated in the display unit 200 to the outside, by being
formed of a metal material having high heat conductivity.
Also, by using the characteristic of the metal layer 12 which
is formed of the metal material, rigidity of the substrate 100
may be secured and a barrier characteristic with respect to
moisture or air permeating from a bottom portion of the first
flexible substrate 10 may be obtained.

[0075] The second flexible substrate 20 may be formed on
the metal layer 12. The second flexible substrate 20 may be
formed by forming a second polymer layer on the metal layer
12. The second flexible substrate 20 may be formed of a
plastic material, such as PET, PEN, or a polyimide, or poly-
mer material, such as PBO, PBI, POD, polytriazole, or PAN.
A thickness 12 of the second flexible substrate 20 may be, for
example, about 5 pm to about 50 um. For example, the thick-
ness t2 may be about 20 pm to about 40 um.

[0076] The barrier layer 22 may be formed on the second
flexible substrate 20. The barrier layer 22 may be formed of an
inorganic layer. For example, the barrier layer 22 may be
formed of silicon oxide and/or silicon nitride.

[0077] Referring to FIG. 9, the display unit 200 may be
formed on the substrate 100. The display unit 200 may
include the TFT, a capacitor CAP, and various devices, such
as wiring units. Also, the display unit 200 may include the
OLED 240. Structures of the display unit 200 are illustrated in
FIG. 5. Materials of the TFT and the OLED 240 may be the
same as those described above, and thus, descriptions thereof
will not be repeated.

[0078] Referring to FIG. 5, the TFT may include the buffer
layer 110, which is formed on the substrate 100 by using
silicon oxide or silicon nitride in order to planarize a surface
of the substrate 100 or to prevent penetration of impurities
into the semiconductor layer 120. The semiconductor layer
120 including amorphous silicon, polycrystalline silicon, or
an organic semiconductor material may be patterned on the
buffer layer 110.

[0079] To insulate between the semiconductor layer 120
and the gate electrode 140, the gate insulating layer 130 may
be formed of silicon oxide and/or silicon nitride on the semi-
conductor layer 120. The gate electrode 140 including amor-
phous silicon, polycrystalline silicon, or an organic semicon-
ductor material may be patterned on the gate insulating layer
130. The source electrode 160 and the drain electrode 162
may be electrically connected to each other according to
signals applied to the gate electrode 140.
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[0080] The interlayer insulating layer 150 may be formed
on the gate electrode 140. The interlayer insulating layer 150
may be formed of silicon oxide or silicon nitride as a single
layer or as multiple layers.

[0081] The source electrode 160 and the drain electrode
162 may be formed on the interlayer insulating layer 150.
Each of the source electrode 160 and the drain electrode 162
may be electrically connected to the semiconductor layer 120
through a contact hole formed in the interlayer insulating
layer 150 and the gate insulating layer 130.

[0082] The first insulating layer 170 may be formed on the
TFT. The first insulating layer 170 may be a planarization
layer or a protective layer.

[0083] A protective layer covering the TFT may be further
be formed to protect the TFT. The protective layer may be
formed of an inorganic material, such as silicon oxide, silicon
nitride, or silicon oxynitride. The protective layer may have
various structures. For example, the protective layer may
have a single-layered or a multi-layered structure.

[0084] The gate insulating layer 130, the interlayer insulat-
ing layer 150, and the firstinsulating layer 170 may be formed
over the entire substrate 100.

[0085] The OLED 240 may be formed on the first insulat-
ing layer 170. The OLED 240 may include the pixel electrode
210, the intermediate layer 220 including the EML, and the
opposite electrode 230.

[0086] The pixel electrode 210 may be disposed on the first
insulating layer 170 or the planarization layer. The first insu-
lating layer 170 may include an opening that exposes at least
one of the source electrode 160 and the drain electrode 162 of
the TFT. The pixel electrode 210 may contact any one of the
source electrode 160 and the drain electrode 162 of the TFT
through the opening in order to be electrically connected to
the TFT.

[0087] The pixel electrode 210 may be formed of a trans-
parent or semi-transparent electrode or a reflective electrode.
The pixel electrode 210 may be formed of various materials
and as various structures. For example, the pixel electrode
210 may have a single-layered structure or a multi-layered
structure.

[0088] The second insulating layer 180 may be formed on
the TFT. The second insulating layer 180 may be formed on
the first insulating layer 170 and may be patterned to include
an opening that exposes a central portion of the pixel elec-
trode 210. The second insulating layer 180 may be a pixel-
defining layer. A pixel area may be defined on a display area
of the substrate 100 through the opening of the second insu-
lating layer 180.

[0089] The intermediate layer 220 including an emission
layer (EML) may be formed in the pixel area defined by the
second insulating layer 180. The intermediate layer 220 may
have various structures. The intermediate layer 220 of the
OLED 240 may include the EML. In addition to the EML, at
least one of an HIL, an HTL, an ETL, and an EIL may be
stacked as a single-layered structure or as a multi-layered
structure.

[0090] The opposite electrode 230 which covers the inter-
mediate layer 220 including the EML and is opposite to the
pixel electrode 210 may be disposed throughout the substrate
100. Structures and materials of the opposite electrode 230
may vary. For example, the opposite electrode 230 may be
formed as a transparent or semi-transparent electrode or a
reflective electrode.
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[0091] Referring to FIGS. 9 and 10, after the display unit
200 is formed on the substrate 100, the flexible display appa-
ratus according to the present embodiment may be detached
from the supporting substrate 1. The first flexible substrate 10,
which is carbonized or graphitized at a high temperature, may
have low adhesion at a contact interface between the first
flexible substrate 10 and the supporting substrate 1. Accord-
ingly, it may be easy to detach the substrate 100 from the
supporting substrate 1.

[0092] As described above, the flexible display apparatus
according to the present embodiment may include the first
flexible substrate 10 formed by carbonizing or graphitizing a
polymer material. Thus, the flexible display apparatus may
have a higher heat resilience compared to a display apparatus
including a plastic substrate. Also, when the polymer material
is carbonized or graphitized, the adhesion of the contact inter-
face between the supporting substrate I and the first flexible
substrate 10 may become low. The flexible substrate 10 may
be easily detached from the supporting substrate 1. When the
substrate having carbon 1s used, a higher heat conductivity
may be achieved compared to a plastic material. An expensive
heat dissipating sheet generally used in a module process for
heat dissipation may be omitted such that process simplifica-
tion and cost reduction may be realized.

[0093] Theflexible display apparatus according the present
embodiment may include the metal layer 12 disposed on the
first flexible substrate 10. The metal layer 12 may prevent
static electricity. By using the characteristic of the metal layer
12 which is formed of the metal material, rigidity of the
substrate 100 may be secured and a barrier characteristic with
respect to moisture or air permeating from a bottom portion of
the first flexible substrate 10 may be obtained. Also, the metal
layer 12 may release heat generated in the display unit 200 to
the outside, by being formed of a metal material having high
heat conductivity. Thus, a conductive and heat dissipating
sheet such as is generally fixed below a substrate may be
omitted. When a heat dissipating sheet is fixed to a substrate,
flexibility of the substrate decreases due to a thickness of the
heat dissipating sheet. By omitting the heat dissipating sheet,
a decrease in the flexibility of the substrate 100 may be
avoided.

[0094] As described above, according to the one or more of
the above exemplary embodiments, the flexible display appa-
ratus, a structure and a manufacturing process of which are
simple and which has a substrate having improved flexibility,
and a method of manufacturing the flexible display apparatus,
may be realized.

[0095] By way of summation and review, to form flexible
display apparatuses, flexible substrates formed of, for
example, a synthetic resin are generally used, instead of glass
substrates. Such flexible substrates have flexible characteris-
tics, and thus are not easy to handle in a manufacturing
process. To address this issue, a flexible substrate may be
formed on a supporting substrate having sufficient rigidity,
and after various processes are performed on the flexible
substrate, the flexible substrate may be separated from the
supporting substrate.

[0096] However, in such a flexible display apparatus and
such a manufacturing method thereof, since such a flexible
substrate formed of a plastic has a lower heat conductivity
than the glass substrate, an additional sheet was generally
fixed below the flexible substrate to compensate for the lower
heat conductivity. However, in this case, the flexible charac-
teristic of the flexible substrate is deteriorated.
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[0097] Embodiments provide a flexible display apparatus, a
manufacturing process and a structure of which are simple,
and which includes a substrate having improved flexibility,
and a method of manufacturing the flexible display apparatus.
[0098] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope thereof as set forth in the
following claims.

What is claimed is:

1. A flexible display apparatus, comprising:

a first flexible substrate including carbon;

a second flexible substrate on the first flexible substrate;

a metal layer between the first flexible substrate and the

second flexible substrate;

a barrier layer on the second flexible substrate;

a thin film transistor (TFT) on the barrier layer; and

an organic light-emitting device (OLED) electrically con-

nected to the TFT.

2. The flexible display apparatus as claimed in claim 1,
wherein the first flexible substrate has a carbon ratio that is
60% or higher.

3. The flexible display apparatus as claimed in claim 1,
further comprising a metal oxide layer between the metal
layer and the second flexible substrate.

4. The flexible display apparatus as claimed in claim 1,
wherein the second flexible substrate has a thickness of about
5 um to about 50 pm.

5. The flexible display apparatus as claimed in claim 1,
wherein the first flexible substrate and the second flexible
substrate include a polymer organic material.

6. A method of manufacturing a flexible display apparatus,
the method comprising:
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forming a first flexible substrate by forming a first polymer
layer on a supporting layer and carbonizing or graphi-
tizing the first polymer layer;

forming a metal layer on the first flexible substrate;

forming a second flexible substrate by forming a second

polymer layer on the metal layer;

forming a barrier layer on the second flexible substrate;

forming a thin film transistor (TFT) on the barrier layer;

and

forming an organic light-emitting device (OLED) electri-

cally connected to the TFT.

7. The method as claimed in claim 6, wherein forming the
first flexible substrate includes forming the first flexible sub-
strate such that the first flexible substrate has a carbon ratio
that is 60% or higher.

8. The method as claimed in claim 6, further comprising
forming a metal oxide layer after forming the metal layer and
before forming the second flexible substrate.

9. The method as claimed in claim 8, wherein forming the
metal oxide layer includes oxidizing a surface of the metal
layer.

10. The method as claimed in claim 6, wherein forming the
first flexible substrate includes carbonizing the first polymer
layer at a temperature of about 300° C. to about 4,000° C.

11. The method as claimed in claim 6, wherein forming the
second flexible substrate includes forming the second flexible
substrate such that the second flexible substrate has a thick-
ness of about 5 pm to about 50 um.

12. A flexible substrate, comprising:

a first polymer layer having a carbon ratio that is 60% or

higher;

a second polymer layer on the first polymer layer;

a metal layer between the first polymer layer and the sec-

ond polymer layer; and

a barrier layer disposed on the second polymer layer.

13. The flexible substrate as claimed in claim 12, wherein
ametal oxide layer is between the metal layer and the second
polymer layer.

14. The flexible substrate as claimed in claim 12, wherein
the second polymer layer has a thickness of about 5 pm to
about 50 um.
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